Abstract. This work aims to characterize local Kaolin from Djebbal Dbagh (DD1), Guelma, Algeria, in raw state and after being sintered to improve its refractoriness by mullitisation of the main phase known as kaolinite in order to exploit DD1 as a basic material to elaborate refractory bricks. The characterization of DD1was carried out by different methods of analysis such as chemical analysis, XRD, DTA/TG analysis and scanning electron microscopy (SEM). Furthermore, the measurement of some physical properties such as apparent density, porosity and microhardness of sintered material was performed. The mullitisation was tested without and with addition of potassium salts such as K 2 CO 3 , KNO 3 and K 2 SO 4 as mineralizers to find out the effect of these salts on transition phase from kaolinite to mullite and the inhibition of cristobalite existence versus sintering temperature from 1300°C to 1450°C. The influence of these mineralizers at the cited temperatures was evaluated using XRD. The results show that the additives K 2 CO 3 and KNO 3 have an effective role to accelerate the formation of mullite which is considered as the most favorite phase for high refractoriness.
INTRODUCTION
The refractories are produced from natural materials such as kaolin, combined with minerals. They are used to build structures subjected to high temperatures, for example fireplace areas coverings or heat shields. They are also used to coat boilers and furnaces of reactors, cement kilns and many laboratory furnaces. This requires advanced techniques and the methods to make refractory bricks with remarkable characteristics in terms of resistance to the different environments of use [1, 2] . In Algeria, there are several deposits of kaolin, in addition to their ease of extraction; the kaolin of Djebel Debbagh contains relatively high alumina levels against a relatively low percentage of impurities. Although raw materials are very available, local refractory requirements are almost entirely imported. We have found it useful to make refractory bricks based on local raw material (Kaolin DD1) to meet the needs of the local market in terms of renovation of ovens for different applications. We suggest this study to valorize natural resources through the development of local products that meet industrial requirements and international standards. The development of a ceramic material can be performed according to many methods. Sintering compacted powders is the most widely used method where a thermal treatment induces the evolution of the thermophysical properties. The product of the sintered kaolin is a chamotte (grog) composed of mullite, cristobalite and an amorphous phase. The gradual transformation of metakaolinite into mullite crystals and amorphous silica occurs according to the reaction: 3(Al 2 Si 2 O 7 ) →Al 6 Si 2 O 13 + 4SiO 2 .The last stage of transformation seems to be the vitrification of cristobalite [3, 4] .The excess of the vitreous phase composed of cristobalite and/or amorphous phase leads to the degradation of the mechanical properties of its refractoriness at high temperatures [5] . Mullite is the stable phase in the Al 2 O 3 -SiO 2 system. It is one of the most important phases in both conventional and advanced ceramics [6, 7] . In nature, mullite is rare regarding the conditions of its formation which require high temperatures and low pressures. Mullite-based ceramics are the subject of continuing development of ceramic materials, along with an increasing number of industrial applications. This scientific and technical importance is due to its following characteristics [8, 9] : High chemical stability (resistance to corrosion), high mechanical resistance to heat, high thermal stability, high refractoriness (melting>1830°C), mechanical resistance and moderate toughness, high hardness, medium thermal shock resistance. In this work, we aim to upgrade the formation of mullite phase by adding different potassium salts whose main objective is to elaborate refractory bricks made from local raw material (kaolin rich in SiO 2 and Al 2 O 3 ). The material's initial chemical composition is reported, the general behavior of the material with increasing temperature was analyzed through the various investigations.
MATERIALS AND METHODS
The samples of raw kaolin were characterized using different methods: 2-SEM analysis: was carried out using a scanning electron microscope type ZEISS / EVO / MA25 and the results of the sample morphology were shown in FIGURE 1.
3-XRD analysis:
The main phases of raw powder were detected by X-ray diffraction using a RIGAKU type diffractometer as shown in FIGURE 2.
4-DTA and TGA analyses: Both differential thermal analysis (DTA) and thermogravimetric analysis (TGA) are the appropriate methods to study the transformations that occur with consumption or release of energy. They are performed using an SDT Q600 apparatus with a temperature rate of 10°C / min from room temperature to 1300 ° C. DTA and TGA curves were represented in FIGURE 4.
The sintered kaolin samples were elaborated by compaction, and then they were sintered at different temperatures such as 1200, 1300, 1350, 1400 and 1450°C. The rise in temperature was from 10°C/min to the holding temperature for 2 hours. The effect of sintering temperature on samples was evaluated by performing DRX analysis and the results were shown in FIGURE 5.
An Accupyc II 1340 type gas pycnometer and a mercury porosimeter of various pellets were used to measure the density and porosity. The results were evaluated and given in TABLE 2.
Microhardness test was carried out using an INNOVATEST Vickers microdurometer. A constant force was applied on the surface of the sample through a penetrator for a given period of time (10 sec).
The pyramidal imprint left by the indenter in the sample helped to determine the micro-hardness. The results were shown in FIGURE 6.
Preparation of samples with and without potassium salts: K 2 CO 3 , KNO 3 and K 2 SO 4 were added to raw kaolin powder. These salts were incorporated in kaolin by two methods: (i) wet mixing process, it was used for K 2 CO 3 which is soluble in water, (5 %wt) aqueous solution of this mineralizer was added to (95 wt %) of Kaolin. The slurry was well blended and then dried in the open air. The obtained mixture was dried again in an oven at 100°C and (ii) dry mixing process, it was used for KNO 3 and K 2 SO 4 which are insoluble in water, (5 wt %) of these salts was added to (95 wt %) of Kaolin and then mixed in a ball grinder for 48h. The samples named as K (kaolin without salts), KK (95% kaolin + 5% K 2 CO 3 ), KN (95% kaolin + 5% KNO 3 ), KS (95% kaolin + 5% K 2 SO 4 ) were compacted and then sintered at 1300, 1400, 1450°C with a sintering ramp of 10°C/min and a duration time of 2 h. The effect of potassium salts on the formation of mullite phase was assessed by XRD analysis and the results were represented in FIGURES 7, 8, 9.
RESULTS AND DISCUSSION

CHARACTERIZATION OF RAW KAOLIN POWDER
Chemical analysis indicates that the predominant constituents were silica and alumina SEM observations of raw kaolin powder FIGURE 1 showed that grains have irregular tubular shapes, sometimes elongated and fine as needles with various grain sizes. 1μm FIGURE 1. SEM observation of raw DD1 kaolin.
The result of X-ray diffraction analysis of raw kaolin was represented as diffractogram in Figure 2 , and the essential phases were identified which are: kaolinite, halloysite, gibbsite, nacrite, dickite, magnetite and quartz. The proportions of the main phases were presented in FIGURE 3. The identification of diffractogram phases FIGURE 5 obtained at different temperatures revealed that from 1200°C mullite phase started to appear due to the crystallization and densification of the samples caused by the increase of temperature. The formation of cristobalite phase began at 1300°C (2Ɵ=21.6°). It was noticeable that the intensities of mullite and cristobalite peaks increased versus sintering temperature and mullite constituted the predominante phase. The refractory ceramics containing more cristobalite, and working in continuous thermal cycles, are deteriorated by cracking and fragmentation [10, 11] .
FIGURE 5. XRD patterns of kaolin smples heated at different temperatures
Physical characteristics of kaolin were listed in TABLE 2. Porosity is the principal cause that leads to deformation of a material [12] [13] . Generally, the refractory products have a porosity of 10 to 25℅. It can reach 40 to 75℅ in the case of insulating refractories. The apparent density is a function of the porosity, so it is not constant for the same type of refractory [14] . 
Constituent Values
Apparent density (g/cm 3 )
2.70
Real density (g/cm 3 )
2.72
Open porosity (%)
40.00
Firing shrinkage (%)
15.5
Water absorption (%)
0.48
Microhardness values were the average of 3 measurements, made on the sintered samples. From this test, material tenacity could be calculated, but could not be identified the microcracks around the imprint at different applied forces. The result curve exhibited that microhardness increases versus the temperature up to a threshold of 1300°C; however above this temperature it decreases FIGURE 6. At the angle 21.6°, cristobalite phase appeared for K and KS but disappeared thoroughly for KK and KN. As it was shown on the spectra of different samples, mullite and cristobalite intensity increased versus the temperature and mullite was the predominant phase. By comparison, it is obvious to conclude that K 2 CO 3 and KNO3 promote the formation of mulllite and inhibit that of cristobalite, while K 2 SO 4 has no effect on the inhibition of cristobalite which came out at 1300°C. According to the previous publications of A. Yamuna [15] , the addition of K 2 CO 3 strongly influences the transformation of kaolinite and leads to the formation of mullite and a glassy phase, and those of Li. Junfeng [16] show that the incorporation of K 2 SO 4 and KNO 3 that have different effects on mullite formation, which is closely associated with K 2 O content and the properties of anions in potassium salts. K 2 O has been identified as the main component inhibiting cristobalite formation that began to appear at 1300°C, whereas sulfate is without influence. 
CONCLUSION
Characterization of sintered kaolin obtained by conventional method shows that sintering of kaolin produces two main phases which are mullite and cristobalite. The improvement of the thermomechanical properties of kaolin-based refractory materials is mainly founded on the formation of mullite phase and the inhibition of that of cristobalite. The incorporation of potassium salts such as K 2 CO 3 , K 2 SO 4 and KNO 3 has different effects on mullite formation as a function of temperature, which is closely related to K 2 O content and the properties of anions in these mineralizers. We conclude that the addition of K 2 CO 3 and KNO 3 promote the formation of mullite, whereas the presence of K 2 SO 4 provokes cristobalite formation proved by the increase of its peak intensity that appeared from 1300°C.
